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Abstract Larvae of Parantica sita were reared with 5 mixtures of a ready-made diet material, 
Insecta F-II (Nihon-Nosan-Kogyo Co.), and 10 or 30% dried leaf powder from three host plants, 
Cynanchum caudatum, Metaplexis japonica, and Marsdenia tomentosa (Asclepiadaceae). 
The larval mortalities were high in the diets with 10% leaf powder of C. caudatum and M. 
japonica, and 25% of the butterflies were abnormal in the diets with 30% leaf powder of C. 
caudatum. By contrast, the rates of adult emergence were high (100 and 97%) and most adults 
were healthy looking in the diets with 30% leaf powder of M. japonica and M. tomentosa. 
Since M. japonica is common in Japan, an artificial diet made from M. japonica seems to be the - 
most convenient for the mass rearing of P. sita. 
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Introduction 


Many kinds of artificial diets for butterfly larvae have been developed to avoid such 
difficulties as deterioration and defoliation of host plants, and also to prevent the introduction 
of diseases and parasites, and to make possible mass rearing (e. g. David and Gardiner, 1965; 
Kamano, 1965; Kono, 1968; Sato, 1974; Morton, 1981; Kato and Sakakura, 1994; Yoshio 
and Ishii, 1996; Mogami, 1998; Ellis and Bowers, 1998; Shimizu, 1999). All the artificial 
diets for butterflies developed so far contain more or less dried leaf powder of the host plant: 
however, it is possible to prepare the diet by mixing only chemicals and plant oils in the 
silkworm, Bombyx mori (e. g. Yushima et al., 1991) and the European corn borer, Ostrinia 
nubilalis (e. g. Beck et al., 1968). 


Recently, ready-made diet materials for lepidopterans appeared on the market, and it is 
convenient to prepare the diets by mixing them with dried leaf powder of the host plant. For 
example, Kato and Sakakura (1994) reared larvae of the pierid, Eurema blanda, successfully 
with an artificial diet consisting of the ready-made material and dried leaf powder of some 
species of host plants, such as Albizia julibrissin. Shimizu (1999) reported that it is possible 
to breed and maintain the danaid, Euploea mulciber, in an insectarium by using an artificial 
diet made from dried leaf powder of the Indian oleander, Nerium indicum, and the ready- 
made material. 


The chestnut tiger, Parantica sita, is known to migrate sometimes over 1,000 km in Japan 
(Fukuda, 1991), and the larvae utilize about a dozen species belonging to Asclepiadaceae as 
their host plants (e. g. Fukuda, 1991; Fukuda et al, 1982). We are doing research to 
elucidate the ecological significance of the long distance migration of P. sita. However, it is 
difficult to keep providing the larvae with fresh leaves of the host plants, because most of these 
plants are rare in the field and/or prone to wither after collection. Furthermore, the larvae 
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are often parasitized by the tachinid fly, Sturmia bella, even in the laboratory, since it is 
difficult to avoid carrying the minute eggs of this tachinid with field-collected leaves (Hirai 
and Ishii, 1995). Thus, out of necessity, we need to develop an artificial diet for P. sita. In 
this study, we examined a mixture of a ready-made artificial diet material, and dried leaf 
powder of 3 plant species known as the host plants of this butterfly. 


Materials and methods 


Fresh leaves of 3 species of Asclepiadaceae, Cynanchum caudatum, Metaplexis japonica and 
Marsdenia tomentosa, were collected at Nagano and Wakayama Prefectures in 1998. They 
were dried at 60°C immediately after collection, and ground into powder by an electric mill. 
We stored the powders at 5°C until the experiments took place. 


We mixed the dried leaf powder with the powder of a ready-made diet material, Insecta F-IT 
(Nihon-Nosan-Kogyo Co.), at the rate of 30% in dry weight for C. caudatum (Group CC;9), 
M. japonica (MJ,,) and Ma. tomentosa (MT;,), and 10% for C. caudatum (CCo) and M. 
japonica (MJ) (Table 1). As for the other preparation procedures for these artificial diets, 
we followed the directions for Insecta F-IT. 


Table 1. Composition of 5 artificial diets tested. 











Group Leaf powder Insecta F-H powder 
CC 5 C. caudatum 30% 70% 

CC 10 90 
MJ;3, M. japonica 30 70 
MJ,» 10 90 

MT o Ma. tomentosa 30 70 
Control Fresh leaf (Ma. tomentosa) 


Eggs of P. sita were obtained from 8 females collected in Wakayama Prefecture on October 
23-24, 1998. The newly hatched larvae were divided into 6 groups, and reared on the 
artificial diets or fresh leaves of Ma. tomentosa (the control group) under a photoperiod of 
16L-8D at 19°C. Larvae were reared individually in transparent plastic petri dishes (5 cm in 
diameter and 1 cm in depth) and 200 ml transparent plastic cups during the Ist to 3rd instars 
and at the 4th and 5th instars, respectively. Pupae were kept in coupled 200 mi cups for the 
adult eclosion. Numbers of larvae and pupae were recorded every day, and the forewing 
length of the adults was measured with a plastic ruler. 


Results and discussion 


Although almost all 1st instar larvae settled on the diet and adult emergence occurred in the 
5 experimental groups and the control group, the mortality during the larval period varied 
among the groups (Table 2). No individuals died during the pupal stage in any of the 
groups. Rates of adult emergence in Groups MJ3. and MT.) were high (100 and 97%) and 
not significantly different from that of the control, while the larval mortality was significantly 
higher in Groups CCo, CC,, and MJ,, than that in the control (Table 2). Most of the 
adults observed in 4 groups, CCj ), MJzo, MJ,9 and MT. 9, were healthy-looking like the 
control, while 25% of the adults in CC, were abnormal (mainly with crippled wings) (Table 
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Table 2. Numbers of individuals which eclosed into an adult and died during larval stages 
in the 6 groups reared on 5 artificial diets and fresh leaves (control). 














Gear N No. adult No. individuals Fischer’s exact 
emerged (%) died (%) probability test 
CCo 42 36 ( 85.7) 6 (14.3) * 
CCiö 30 11 ( 36.7) 19 (63.3) aa 
MJ;o 39 39 (100.0) 0 ( 0.0) N.S. 
MJ, 29 21 ( 72.4) 8 (27.6) es 
MTs 37 36 ( 97.3) 1 ( 2.7) N.S. 
Control 37 37 (100.0) 0 ( 0.0) — 











a Between ratio of individuals which made adult eclsion to those which died during larval 
stage in each experimental group and that in control: *p<0.05, ***p<0.001, N. S.: not 
significant. 


Table 3. Numbers of normal and abnormal adults obtained in the 6 groups reared on 5 
artificial diets and fresh leaves (control). 














No. individuals (%) Fischers exact 




















fone Normal Abnormal probability test? 
CC 5 36 27 (75.0) 9 (25.0) S 
CE 11 10 (90.9) 1 ( 9.1) N.S. 
MJ;o 39 38 (97.4) 1 ( 2.6) N.S. 
MJ, 21 17 (81.0) 4 (19.0) N.S. 
MTs 36 35 (97.2) 1 ( 2.8) N.S. 
Control 37 36 (97.3) t ( 2.7) — 








2 Between ratio of individuals which made adult eclsion to those which died during larval 
stage in each experimental group and that in control: *p<0.05, ***p<0.001, N. S.: not 
significant. 


3). The survival of Group CC,) was 37% and it was by a considerable margin the lowest 
of the 5 groups. The results suggest that the diets CC3o, CC,) and MJ,» were not suitable for 
larval development in P. sita. 


Mean larval stages of CCo, MJz. and MT; were about 26 days and were not significantly 
different from the control in either males or females, although CC, and MJ,) were about 35 
days and were significantly longer than the control (Table 3). Mean pupal stages were about 
18-19 days in all the 6 groups including the control, while they were significantly longer in 
the males of CC,,, and in the male and female of MJ, and MJ,, than in the control (Table 
4). Mean forewing lengths were about 55 and 57 mm for females and males, respectively, 
and not significantly different among all the 6 groups including the control, although females 
were larger than males in each group (Table 4). 


From the results of this experiment, MJ,, and MT, were proved to be the most suitable diets 
for P. sita among the 5 diets examined. According to Mogami (1998), pupae of the 
papilionid, Atrophaneura alcinous, reared on an artificial diet made from a mixture of dried 
leaf powder of Aristolochia spp. and Insecta F-H at the same composition of this study were 
smaller than those reared on fresh leaves of Aristolochia spp. by weight. By contrast, both 
MJ and MT; cause neither a decrease in forewing nor a delay in larval development in P. 
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Table 4. Mean larval and pupal periods and forewing length of P. sita reared on 5 artificial 
diets and fresh leaves of Ma. tomentosa (control). 








Mean period+SD (days) Mean forewing 


























Group N A Pupa length + SD (mm) 

3 15 25.941.6b 19.3412a 55.4+1.6 ab 

Loe 2 12 27.2+3.8 b 18.3+1.1a 57.1+1.8 cde 
Pa 35.9+8.4a 18.9+0.7 ae 52.6+3.6 ad 

cha Q 34.3+3.5a 18.3+0.6a 55.8+ 1.3 de 
3 2l 26.54 1.8 b 19.1+0.8 ac 54.6+ 1.3 ad 

Me gẹ 17 25.8+1.8 b 19.1+1.1 ad 56.9 + 1.0 cde 
J 6 36.0+6.5a 19.2+0.4 ab §2.7+2.7 ae 

Mio g ui 35.5+5.0 a 18.1+0.8 bede 55.4+2.1 de 

ae J7 25 25.9+1.8 b 18.2+0.8 bde 54.7+1.3a 

ay g 10 25.1+1.1b 17.9+0.7 bde 57.8 + 1.2 cde 

7 15 24.4+1.1b 17.7£0.6e 54.9+1.8 ac 

Control 
a xa 24.9+1.2b 17.8+1.0e 56.2+ 1.5 bede 








Values with the same letter in the same column are not significantly different by Tukey- 
Kramet’s test (p >0.05). 


sita. 


Ma. tomentosa is known as one of the most common host plants of P. sita in Japan (e. g. 
Kanazawa et al., 1993; Hirai and Ishii, 1997), although the distribution is relatively restricted 
with each colony being quite small. By contrast, M. japonica is common in grasslands and 
on the roadside, with each colony usually being large from summer to autumn. Endo and 
Nihira (1990) considered that M. japonica is available for a larval diet of P. sita only in the 
laboratory. On the other hand, Ohara (1999) reported that P. sita larvae were found feeding 
on this plant in Tokushima Prefecture, and indeed we also found eggs and a few larvae, 
including a full-grown larva on this plant in Nara and Nagano Prefectures, respectively. 
Thus, an artificial diet made from M. japonica seems to be the most convenient for mass 
rearing of P. sita. 
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ia = 
TEEVI PHAROAH ESET CHIR + GIF 3) 


TUL SF Parantica sita THRO (HABE Tt OR) BA ve 7 FID Aa 
Cynanchum caudatum, XFA © Metaplexis japonica, ¥ V a F Vy Marsdenia tomentosa (WA Æ 
BL) ORIEK % 30% & fold 10% DNA 7e 5 AOA LH CHB Lie. FAATOA LAE CRRA 
WELD, 47-7 10% KBKLUPAA © 1K KC, FL a7 VER WEK) & Lome Ce 
HRD. kre, 417 Vv 30% K, 47 10A KBLUADA E 10% KO ALAMEDA & 
ikg L TRHOCH, SS, 477 30% KTI ADEE IC (FOR VAD AIGA K 
kY SMD. AA E3I0O%KBLOFV a Zr 30% KT, SHA, SECS, KEOY R 
EHR EK & REIL, AFORQZS ESRI SL, AAA ERIH RA LMA OARBOKEH 
Bilbo t dB C46 FZONS. 
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